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THE EFFECT OF BAFFLES ON THE TEMPERATURE DISTRIBUTION
AND:HEAT-TRANSFER COEFFICIENTS OF FINNED CYLINDERS

By OSCAR W. ScmY and VmtN G. ROLLIN

SUMMARY

An investigation w made to detemvine the e~eot oj
ba~ on the temperature dbti”lndion and i?he heat-
tran.sfer coejici.eni of $nned cylinders. The tests w~e
conductedin a 30-inch wind tunna?on electrically lwakd
qIlin&rs un”th$rw of 0.26- and 0.31-inch pitch.

Four types oj ba~es were tested: Plata mounted ai
various positions around the cylinder and at vum”ows
angle8 &h respect to the air stream; etream.lim bafles
mounted near the rear oj tti cylinder; 8JW bafles with
variody 8huped opening8 mounted around the test
cylinder wmetrically w“th reqect to a plane through
the axix of the cylinder and parallel to the air 8tream;and
itiegd ba~ COVLp08d Of &p8 w&kd to the tip8 Of the

fins oj the ted c@nder to form pa38a@ between the jh.s

throughwhich the air cd~ to therear of the ylinder.
% resuU8of th.ae te+v%showedthat th w-seof integral

bajl.es gaoe a redudion of 31.9 perceni in the rear-wall
temperaturesand an inmeme of 64.,9percent in the heat-
tran+?ercocj%kni m compared un”tha qdinder wii%md
ba~.

Although the ejects of th 8heUba& were not @ to
tho8eof the integral bajiks, they gave a large reduction in
rear-waUtempmaiuxexand a furge inmeme in tlw heai-
transfer coej@ient. The best resuli%were obtained with
t?u 8heUbajl?e8mouniedin contactwith tti$w, when the
intake opening was equal to the arc subtendedby an angle
of apprm”mately 146°, when the e.rien.siomwe 3 inches
or mare in Lengthtand when the ratw of exit area to area
betweenjins waa approximu#eJy1.6. The heut-tramjfer

toe+ with the be&8heUba~ variedas the air sptxd
tO th 0.86 pOWIW.

INTRODUCTION

The present trend in air-cooled engine design toward
decreased frontal area and greater speeifk-powwr out-
put requires that all possible means be investigated for
increasing the efficiency with which waste hed is dis-
sipated from the cylinder to the cooling air. A study
of the air flow around a conventional air-cooled cylin-
der exposed to an air stream shows that the air follows
the surface for nbout 100° from the front after which
it breaks away from the cylinder, with the result that
cooling at the rear is very poor. Considerable improve

rneit in cooling can be obtained by the use of bwilles
around the cylinder to insure that the air follows the
surface of the cylinder for a greater distance before the
breakaway occurs.

In the fit cowling tests conducted by the Commit-
tee the cooling was improved by using baille-s(reference
1); recent tests have been conducted elsewhere on va-
rious types of bafk. (See reference 2.) The results of
extensive flight tests by Higginbotkun (reference 3)
showed the shape and location of the bafk to be very
important in obtaining the mtinm cooling with the
minimum drag. BaEles are generrdly used in conjunc-
tion with N. A. C. A. cowling; they improve the cool-
ing by directing the air to the hot parts of the cylinder
and they reduce the drag by limiting the quanti~ of
air that flows through the cowling.

The purpose of the tests herein reported was to
determine the shape and location in relation to the
cylinder barrel of the baflk that give the largest im-
provement in cooling. TIMts were made with plate
bailles set at various anglca with respect to the ti
stream and at various positions around the cylin-
der, with streamline bafk, with shell bailles having
variously shaped entrance and exit passages, with
bafk welded to the tips of the fins, and with com-
binations of shell bailles with strips inside the baffles.
A few tests were also made of a cylinder having the
fins bent at the front quarter to an angle of 50° with
respect to the cylinder wall. Most of the tests were
made at an air speed of 56 miles per hour; some data,
however, mire obtained at air speeds from 38 to 145
miles per hour.

The comparative coolhg of electrically heated finned
cylinders with and without bailks was obtained by
testing each cylinder and baftle combination in a wind
tunnel and meaanring the temperature over the cooling
surface for a given heat input and air speed. The
comparison of the effeetivenw of the various tgpes of
bailles was based mainly on the heatAransfer coeffi-
cient (the heat dissipatedper unit of cooling surface per
unit of time per unit of temperature d.illerence be-
tween the cooling surface and the cooling air). The
reduction in base temperature at the rearof the cylinder
with the vsxious types of baflles was also considered.
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The testswere conducted at the Committee’s labora-
tories at Langley Field, Vs., between July 1932 and
October 1933.

APPARATUS

Cooling tunnel.-The cool@ tunnel used had a
30-inch threat and was desigged to give air speeds up
to 200 miles per hour. The air speed of the tunnel was

stiction of such a unit is completely described in
references 4 and 5.

A voltmeter and an ammeter were used for measur-
@g the heat input to the test cylinder. Oil-cooled
rheostats having a very sensitive adjustment over a
wide range of electrical input were used to regulate
the input to each of the guard ringe and to the test
cylinder.

FIGUREL-Cooling tunnelwfth one of the &t unfts mmmtei in Pka

measured with n pitot+tatic tube placed to one side
and sufficiently far ahead of the test unit to assure the
accuracy of the readings. A honeycomb grid was
placed at the tunnel entrance to reduce air disturb-
ances. Figwe 1 shows the cooling tunnel with one
of the test units mounted in place.
~ Test units.—The tests were conducted with three
test units of the type shown in figure 2. The heating

Thermocouples.-The temperatures of the surfaces
of the finned cylindem were measured with iron-
cxmstantan thermocouples connected through a se-
lector switch to a medium-resistance pyrometer of the
portable type. The thermocouples were made of
0.013-inch diametar silk-covered enameled wire.

The 24 thermocouples were electrically welded to
the barrel and the fins at the positions shown in figure

End fairing Imer ~d,ring hemhg M ,#32” asbesfos separafcr

Tesf cylihder

FIGURE2—DetalMof amtnmtfon of the &t rink,

unit for the cylinders coneisted wentially of a coil of
nichrome wire embedded in alundum cement. The
coils of the heat@ element were so distributed that.
the heating was uniform over the entire cylinder wall.
In order to eliminate heat losses from the ends of the
test cylinder, guard rings of the same construction as
the test cylinder were placed on each end. The con-

3. The temperature distribution being symmetrical
with respect to the air stream, the thermocouples
were located on only one-half of the cylinder. Tests
have shown (reference 5) that at any given position on
the fins the temperature is practically the same for all
the iins and that the results for one fin can be taken as
representative of all.
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Apparatus used for measuring air-flow speed.—The
air speed between the iins was determined from
measurements made with impact and static tubes con-
nected to water manometers. The tubes had an out-

Frcd

k- 22.5”..

m

i7eb

FImEE 3.—LaMon of thermomupks on test oyllnder.

side diameter of 0.040 inch and an inside diameter of
0.035 inch.

Cylinders and baffles,-Figge 4 shows cross sections
of the tins used in this investigation. The O.25-inch-
pitch fins on cylindem 1 and 2 were of 1.22-inch and

‘6
b
v“

Cylln&er I Cylin+r’er 2
~ C“i+w 3

FIGURE4.-ShaP of W and outstdewoll and tohk’m’fam areas on &t oyllnders

0.67-inch widths, respectively. Cylinder 3, which was
cut from a Wright J–5 cylinder barrel, had fins of 0.31-
inch pitch and 0.6-inch width. The cylinders were
constructed from steel corresponding to specifications
for S, A. E. 1050 steel. Figure 5 shows one of the

cylinders equipped with shell baffles
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and attached to
the mounti& b~acket ready for testing.

The plate baftle (fig. 6) consisted of two plates
mouted symmetrically on each side of the test cylin-
der with respect to the plane through the axis of the
cylinder and parallel to the air stream. Two sizes of
these plates were tested, the narrow one being 1X
inches wide and the wide one 4X inches. The plate
bafiles and all other bathes tested were constructed
from 20-gage sheet steel.

The streamline baflles (fig. 7) consisted of two pieces
of streamline tubing symmetrically mounted parallel

I to the axis of the cyhder and 13+ from the &ont.

mmm&—Assembly of tlmod test OYlinder and gufud ringd with monnting
brat% bat%% and therm@m@e3 in Pb3C&

The shell brdlles (see fig=. S, 9, 11, 13, and 15) con-
isted of two pieces of sheet steel of single curvature
nounted concentrically with the surface of the test
)ylinder and symmetriwdly with respect to the cylin-
ier diameter parallel to the air stream. Some of these
milks were provided with extensions forming entrance
md exit passages.

As previous tests (reference 4) showed that the cool-
@g was greatly improved by directing the cooling air
}t an angle with respect to the ii.ns, it was believed
that @iiug the air to the rem of the cy~der ~d, at
the same time, directing it at an angle with respect to
the fins, would reduce the rear-wall temperatures.
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Narrow strips were accordingly placed at an angle
between the baiiles and the b so as to direct the air
spirally toward the rear of the cylinder as shown in
figure 19. A section of the fins on cylinder 3 was bent
at an angle of 500 to the cylinder wall in order to
investigate further the cooling with the air directed
at an angle with respect to the fins (fig. 20).

The integral brdlle (&g. 21) was a special shell
baflle constructed by welding strips of metal between
and at the tin tips to form channels for the cooling air.

TESTS -

Tests on cylinders 1 md 2 were made with a heat
input of 85 B. t. u. per hour per square inch of cooling
surface and those of cylinder 3 with a heat input of
100. The air speed for all the tests was approximately
56 miles per hour except in the tests made to determine
the effect of speed.

When conducting this investigation preliminary
tests were made with the plate, streamline, and shell
bailles; as a rcmlt of these preliminary tests the shell
bailies were selected as the most promising for further
investigation. The wide and narrow plate bafik
were tested on cylinder 1. The narrow baiiles were
tried at the front, side, and rear of the cylinder and
for each position the plates were teated at three dMer-
ent angles with respect to the sir stream. The wide
baf%s were mounted at the rear of the cylinder and
tested at three angles to the air stream. The arrange-
ment of the plates and the results of the tests are shown
together in figures 6 (a) to 6 (f).

The streamline bailles were tested with cylinder 1
in the single condition shown with the resultsin figure 7.

Although most of the tests with the shell bafiies were
made on cylinder 3 (ilgg. 9 to 18), which had h of
0.6-inch width, a sufEcient number of tests were made
on cylinder 1 (fig. 8), which had fins of 1.22-inch width,
so that the effect of fin width on the heat+transfer
coefficient and the temperature distribution could be
established. The radial distances from the shellbaftles
to the h were varied horn 0.07 to 2 inches. The
]~gt~ of fie efit efi~om ~~d on fie sh~ bafflw
of cylinder 3 were varied frem 0.375 to 5 inches; the
size of the intake opening, eqmil to the arc subtended
by the angle, was varied from a minimum of 400 to a
maximum of 210°. Determinations were made of the
effect of varying the ratio of the area of the flow pas-
sage between the deflector and the cylinder to the dis-
charge area from 1 to slightly more than 3.

The results of the tests made on cylinder 2 with shell
baiiies and with combinations of shell bailles and strips
to direct the air at an angle with re9pect to the iins are
shown in figure 19. Tests were aleo made with and
without shell btics .on cylinder 3 having a section of
the fins bent so that the ceoling air would impinge
upon the fins at an angle instead of parallel. The sec-
tion varied in size from 90° to 360°, the small section
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being tied at various points around the circumference.
Only wall-temperature measurements were obtained
when testing this arrangement. (See fig. 20.)

A few tests were made on cylinder 3 to determine
the effect on base temperature of using bailles consi+
ing of metal strips welded to the tips of the fins, A
sketch of this baffle and the results of the tests are
shown in &sre 21.

Tests were also conducted at several air speeds be-
tween 38 and 145 miles per hour to determine whether
the improvements obtained at one air speed with the
bent shell bafEes could be obtained at other b speeds.
A few tests were also made, for the same range of air
speeds, in which the air speed between the fins at
several points approximately 90° from the front of
the cylinder w-asdetermined with and without bdflea.

COMHJTATIONS

The calculations for this report are substantially the
same as those of reference 5 from which more detailed
description and the derivation of the formula may be
obtained.

The air speeds were corrected to a standard density
corresponding to a pressure of 29.92 inches of mercury
and a temperature of 80° F. according to the relation:
corrected air speed=

observed air speedx densi~ in tunnel test section
standard density

The cold junction of the thermocouple that meas-
ured the temperature diilerence between the cylinder
and the air was located outside the tunnel. A cor-
rection was applied to take care of the adiabatic cool-
ing of the air due to the drop in pressure before reach-
ing the test section and the frictional heating of the
air by the grid and tunnel wall ahead of the @t
section.

The average cylinder-wall temperature was found
by arithmetically averaging the readings of the nine
thermocouples located on the cylinder wall.

The temperatures at any point on the surface of the
cylinder wall and tins wme determined by cross-plo~
ting the measured temperature. The average cool-
ing-surface temperature was obtained by graphically
integrating the temperature with respect to the meri
over the entire cooling surface and dividing by the
area covered.

The average surface heat-tiansfer coefficient waa
found by dividing the total heat dissipated per hour
by the product of the total exposed area of the
cylinder wall and tins and the average surface-temper-
ature difference. The experimental cylinder-wall heah
transfer coefficient was obtained by dividing the total
heat dissipated per hour by the product of the outside
cylinder-w-all area and the average cylinder-wall
temperature diilerence.

For convenience in this report whenever “tempera-
ture” is used it will be underatiod to mean the cor-
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rected ‘ttemperature difference” between a point on
the cylinder and the cooling air.

The theoretical cylinder-wall heat-trmsfer coefficient
was calculated horn the following formula (reference 6):

‘=w+a’daw’+”]

-J .zq
where — E

U, over-ill heat-transfer coefficient, B. t. u. per
square inch base area per hour, per ‘F.
temperature difference between the cylin-
der wall and cooling air.

g, surface heat-trrmsfer coefficient, B. t. u. per
square inch total surface area per hour,
per ‘F. temperature difference between
the surface and the cooling air.

k, thermal conductivi~ of metal, B. t. u. per
square inch, per ‘F. through 1 inch per
hour (2.17 for steel).

t, average fin thiches-s, inches.
P, pitih of fins, inches.
W, fin width, inches.

W’=w+t$ effective fin width.

t~, fhl-tipthickness,inches.
lt~, radius from center of cylinder to fin root,

inches.
s’~, distance between adjacent fin surfaces at

the fin root, inches.
The following additional symbols are used in this

report:
~b, average temperature diilerence between the

root of the fi and the cooling air, ‘F.
eaf average temperature difference between the

cooling surface and the cooling air, ‘F.

RESULTS AND DISCUSSION

PLATE BAFFLES

The effect on the temperatures of the cylinder base
of using plate baflk is shown by the temperature-
distribution curves of figure 6. The dngle curve of
figure 6 (a) is for cylinder 1 without baflles. The
temperature-distribution curve and the heat-tramfer
coefficients obtained for cylinders 1 and 3 (@. 9
(n)) without baffles are used throughout this report as
standards for comparison. The condition of shell
baflles alone on cylinder 2 is used as a standard to
comprwe with the cylinder when strips are attached
to the baffles. (See fig. 19.)

When plate bafEes 1.25 inches wide am placed 45°
from tho front, the second group of curves (fig. 6
(b)) and the heat-tmmsfer coefficient show that the
cooling is impaired for all conditions except when the
baffles are perpendicular to the general direction of
the air stream, in which case the heatAransfer coeffi-
cient was increased only 4.4 percent. The use of the

mflle plates on the sides of the cylinder at various
mgles with respect to the air stream caused a large
mriation in the base temperatures as shown by the
&d group of curves (fig. 6 (c)). The heat-transfer
coefficient varied horn a reduction of 10.9 percent
tith the plate9 parallel to the b stream to an increase
)f 22.6 percent with the platm perpendicular to the
ti stream. The reduction in rear-base temperature
tith the plates perpendicular to the air stream was
mmll. When the plates are mounted 60° from the
:ear of the cylinder (fig. 6 (d)) and perpendicular to
;ho direction of the air stream, the heat-transfer
mflicient is increased 27.2 percent. Practically no
wduction in rear-base temperature was obtained for
ihe latter condition but the temperatures at points
>et-iveenthe tides and the rear show a large reduction.

Figure 6 (e) shows a comparison of the base tem-
peratures obtained for the best condition at each of
the three positions tried. The solid curve represents
the results obtained with two plates mounted on each
tide as shown. With the latter plate arrangement the
beatitrsnsfer coefficient is increased 21.5 percent. The
rear-walltemperature is increased slightly but the wall
bmperaturea at points between the sides and the rear
me greatly reduced. The wall temperatures for the
condition with the btiea mounted 60° from the rear
wrehigher than with “one or two bafllea on the side
Bven though the heat transfer is higher. This apparent
discrepancy is explained by the fact that the hea&
trsnsfer coefficient is based on the average fin and
barrel temperature.

In generil, it may be said that the narrow plate
bafiles give a large improvement in cooling when
mounted perpendicular to the air stream and between
the side and rear of the cylinder but when momted
parallel to the air strewn they may seriously impair
the cooling. At best only a slight reduction in rear-
wall temperature _ be obtained with the narrow
baffles. As this type of batEe is very sensitive to the
direction of air flow, great care must be exercised in
its use or the cooling may actually be impaired.

The curves in &me 6 (f) show that the plate bafiles
4% inches wide mounted 60° from the rear of the
cylinder do not improve the cooling as much as do the
narrow plates (fig. 6 (e)). For the best condition with
the wide plates the heatitransfer coefficient was in-
creased 8.7 percent as compaxed with an increase of
27.2 percent with narrow plates mounted near the rear
of the cylinder. When the wide plates were mounted
parallel to the air stream the cooling was seriously
impaired, as indicated by an increase of 40° F. in the
rear-wall temperature. and a decrease of 18.6 percent
in the heatAransfer coefficient.

STREAMLINE BM?PIJL9

The curves and data of @e 7 show that streamline
baflies on cylinder 1 increased the heaMmmsfer co-
efficient horn 0.0866 to 0.1024, an increase of 18.3
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FIGURE7.—CylInder-~ temp?ratnre dlthen~ and heat-transfer metlldents obtalxd with strmndlne baffle. Oyllnder 1.
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percent, while the rem-wall temperate ~~ ~cr~~
15° F., or 8.6 percent. Apparently with these bafb
there is, in the rear of the cylinder, a low-pressure area
that causes the air to flow h the rem through the
openings between the baflles and the cylinder.

SHELL BAF’FLW

The curves in figure 8 (a) show that although, within
limits, increasing the extent of surface contact of the
shell baffles with the cylinder so as to rcatrict the exit
opening decreases the rear-wall temperatures, it also,
for the two conditions shown, reduces the heaMwmsfer

A comparison of the results for test 4 in figure 8 (b)
with those for test 3 in @e 8 (a) shows that without
flares on the intake opening the heatAransfar coeilicient
is 12.5 percent higher md the rear-wall temperatures
10° higher than with flares.

The curve in figure 8 (c) shows that an appreciable
reduction in rear-wall temperatures may be obtained
by using small badiea between the fi in conjunction
with the shell bafb. As compared with conditions
without baflk (fig. 6 (a)) this arrangement reduced
the rear-wall temperatures 15.4 percent; whereas the

R ob 0,
(a) Test fn. c&. u T. v.

2 4)4 46 a$w 0.737IR2 6&2
3 1)4 30 .W7’2 .724 llks MO

0, .9. t% e.
(c) u T. m

al%39 0.856 97.6
(a) u =R q

5s5 && &424 23%1 i’m-i

RQW 0, e.
(b) Test in. dcu. in. a u m m. .

4 1)4 w- 254 aiC%3 0.741 1EL6 67.8
b x = 1’%6 .1656 .717 ll&4 69.9

FmUFLE&-Oyllnder-k-e taqmmtmm dfffermces

(d) v +. %.
11:369 am 114.7 69.7

and h-transfer coa6Ments obtafmd with ehcdl
badim OYllnda L

coefficient from 0.1087 to 0.0972. A further reatxic-
tion of the ti flow effected by reducing the tie of the
exit opening (fig. 8 (b)) causw an increase in rear-wall
temperatures and an additional reduction in the heab
transfer coeilicient. The results, however, show that
little difficulty will be experienced in effecting a laxge
reduction in temperature at points between 20° and
70° from the rear of the cylinder although it will be
considerably more difiicult ta reduce the temperature
directly in the rem.

46 1 a 1-MI 0.474 XL 4 ma. 9
47 2 .1189 .49s m9 ml. 7
40 3% . IU22 .474 213.1 1726

FmUEE 9.—EffIxt of the wfdth of dt Ox of shell
batlke on the temmratum dfshibution and bent-
transfer mefFMents. Winder 3.

shell bailles without the small baflles (fig. 8 (b)) gave
a reduction of only 2.9 percent. For the foregoing
conditions the heai%mmfer coei3icient increased 19.9
percent with the small baiiles and 26.2 percent without
the small bties. Apparently these small baillcs are
very eflective in guiding the air toward the rear of
cylinders having long fins, but they impair the cooling
at other points on the cylinder because they slow up
the air and cause a reduction in the heabtmmsfer
coefficient.
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~ Coemclents. Cylhlder 3.
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The results of the tests on shell bafiles have shown
that with proper installation of baflles an appreciable
reduction in rear-wall temperatures md a large in-
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crease in the heafitrrmsfer coefficient may be obtained.
These results were sufficiently encouraging to warrant
further work to determine the effect of size of exit

71fMo-3erJ

opening, length of extension, frontal area exposed to
air stream, and the distance between baffle and
cylinder.

Effect of exit opening,-The curves in figures 9 and
10 show the importance of the ratio of exit area of
bsdlkwto the an% between the cooling surface and the
bailiea in reducing rear-wall temperatures and increas-
ing the heaktiansfer coefficient. Three tests were con-
ducted on cylinder 3 (fig. 9 (a)). With baffles having
a ratio of exit area to cleax area betmeen fins of 1.75
(@s. 9 (b) and 10) the rear-will temperature was
reduced to less than 260° F., or 13.3 percent, and the
heatAmmsfer coefficient was increased 23.1 percent.
In figure 10 the curve for the hem%rtmsfer coefficient
shows an optimum ratio of areas of 2.3, which is higher
than the value of 1.6 based on the curve for rear-will
temperatures. The optimum ratio of areas is a ratio
that will give a large reduction in rear-wall tempera-
ture by bringing the air as far as possible to the rear
without appreciably decreasing its veloci~. These

a

m

m

m

I@

Test ~. w % %
47 m flLFa am m9 lfiL 7
w 14!3 .1233 .J51u 1’%.o lm. 4
7oz0. cW.40724s. oml

ROVES I&-E@ of the entianm @e of a sIMII bame 00 the teqmrature
dletribntfen end Wtrensfer mdolenfs. Oylfnder 3.

ratios would be meaningless if the area of the flow
p-e between the cylinder and the baille and the
exit opening were greatly increased, unless there was
a corresponding increase in the cylinder diametar.

IHeot of extension length,-The curves in figures 11
md 12 show that bailles having extensions 3 inches or
more in @ngth give the large9t reduction in rear-wall
temperatures and the highest hwdAmmsfer coefficients.
That the opt&mIu extension length is short iE fortu-
nate, because long extensions would increase installa-
tion difficulties; whereas3-irichextensionscan probably
be conveniently used on all installations. The irregu-
larities in the curves of rear-wall temperatures and
heat-transfer coefficient when extensions shorter than
3 inches axe used indicate that the length of the exten-
sion has considerable effect on the air flow in the rear
of the cylinder and that the cooling can be regulated
by slight changes in the extension length. Increasing
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the length of the extension to more than 3 inches
results in a gradual increase in rem-wall temperatures
and a small increase in the heatAransfer coefficient.

Effect of radial clemmce between baflles and iin
tips.-The test results shown in figures 8 (b), 8 (d), 13,.

/ -—
1.

1 1 \

En frvnce ungle, akgrees, B

~OURE 16.-VarMfon of rff!r-wdf t8m~ ti ti~ CmJIMlmts W’itll
enh’anm angle of ah8u IMo31eu Oylhldar 3.

and 14 indicate that the distance between the bdlle
and the cylinder influences the mwr-wall temperatures
and the heat-tmmsfercoefficient g and that the amount
of the cl&nge depends upon the h width. Phwing
the baflles in contact with the&on cylinde~ having
fins of 1.22- and O.O-in@ widths resulted in increases

in the heat-transfer coeilicient of 26.2 and 23.1 per-
cent, respectively, as compared with conditions with-
out baflles. Increasing the distance between the
baffles and the cylinders to one-half inch resulted in
the reduction of these percentages to 22.2 and 9.84 for
cylinders having fins of 1.22- and 0.6-inch widths, re-
spectively. The rear-wall temperatures of the cylinder
with the wide fins are not appreciably aflected by the
use of baflles regardless of the distance between the
baffh and the cylinder; whereas, for the cylinder hm--
ing fins 0.6 inch in width the rear-wall temperatures
are reduced from 298° F. without baflles to 259° l?.
with batlies in contact with the ii.ns.

A shell baflle with 3-inch extensions may seriously
impair the cooling if it is mounted too far from the
cylinder (fig. 13 (a)). For example, when the baffles
are mounted 2 inches from the cylinder the rear-wall
temperature is 104° F. higher than for conditions with
no bafflm and the heat-transfer coefficient is reduced
from 0.0965 for a cylinder without baffles to 0.0800 for
a cylinder with bailles having extensions. The curves
(fig. 14) also show that considerably more is to be
gained in reducing rear-wal temperatures and increas-
ing the heat-transfer coefficient by placing bnffleawith
exten&ons in contact with the fins than can be gained
by placing plain baiiles in contact with the h.

ERect of sise of intake opening.-A comparison of
the CUIXWin figures 9 (a), 15, and 16 shows that the
entrance angle has a large effect on the value of the
heahtrmwfer coefficient. For example, with an en-
trance angle of 145° (fig. 16), the herWmmsfer coeffi-
cient was 0.1240 as compared with 0.0966 without
bailb (fig. 9 (a)), an increase of 28.5 percent, For
the same entrance angle the rear-wall temperature was
250° F. as compared with 298° F. without brdlkw. In-
creasing the entranm angle to more than 160° results
in a sharp rise in temperature because the air breaks
away from the cylinder before it reaches the bdlle;
whereas reducing the angle to lees than 120° results in
only a gradual increase in temperature, the speed being
reduced because of increased length of passage and be-
cause the intake opening normal to the air flow is
smaller.

The curves (fig. 16) for heatAmnsfer coefficient
show the same trend as the curves for base tempemture.
When the entrance angle is increased to 210° the tem-
perature in the rear of the cylinder are the same as
without a brdlle, while the heatAramsfar coefficient
shows an increase of 9.1 percent, indicating the bene-
ficial effect of bafflea on the temperatures at other
points.

Although these tests indicate (fig. 16) that the heat-
transfer coefficient decreases when the entrance angle
is 1* than 120°, it is believed that on installationshov-
ing a large part of the area between the cylinders
blocked or on engines having cowling and baffle ar-
rangement such that only sufficient air is admitted to
cool the engge, angles less than 120° will give better

.
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cooling with small entranw angle
is obtained for the above-mentioned condition because
the air speed will be higher over a large part of the
front mea of n cylinder. For tests herein reported the
air speed over the front of a cylinder with bafk was
probably about the same as for a cylinder without
bafllea because the air could flow freely over the out-
side of the baflle as well aa on the inside.

Effect of air-stream speed.—The test results sub-
mitted in figure 17 show that the heat-transfer coefE-
cient vaxied as the speed to the 0.85 power for condi-
tions without baflles and with bafiles of the type shown
in figure 16. The tests ~ere made on cylinder 3 at
several air velocities from 38 to 145 miles per hour.
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The use of the best shell bafliea resulted in a large
improvement in cooling at all air velocities investi-
gated. The test results in figure 18 show the effect of
velocity on the cylinder-wall heat-transfer coefficient U
for cylinder 3 with and without bafb. The calculated
vcdues of ‘U (equation (l)) are also shown. As these
calculated values check the experimental values, the
method proposed in reference 5 for the de&n of cylin-
ders without ba.filescan be extended to the design of
cylindem with bailles by using the experimental values
of q as determined for cylinders with baflles.

The measurement of the sir speeds between the
fins at 90° from the front of cylinder 3 without baflles
showed ‘that the average air speed between the h
was 36 percent higher than the tunnel air speed.
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With the best shell bties having a radial cleammce
between the bailie and the h tip of 0.07 inch, the
average air speed between the fins was 30, 92, 118, and
172 miles per hour for tunnel air speeds of 30, 80, 100,
and 140 miles per hour, respectively. At a tunnel air
speed of 100 miles per hour the highest air speed be-
tween the fins without the baffles was approximately
0.12 inch from the root of the iin and with shell baflles
it was approximately 0.09 inch from the root of the
fin. This difference would indicate that part of the
improvement in cooling obtained through the use of
baflies may be attributed to reduced boundary layer.
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The curves in figures 9 (a) and 15 show that the tem-
perature are reduced at a position 90° from the front
when using baffles as compared with conditions without
baffles even though the average air speed between the
b is less, indicating that the boundary layer at this
point is less on the cylinder with baflk.

COMFUNATION OF SHELL BAFFLES AND STRIPS

The results in figure 19 for shell baflies show that the
addition of the strips increased the wall temperatures
around the rear of the cylinder, as compared with the
cylinder with only the shell baiile, and that the heafi
transfer coefficient was decreased. As the strips were
placed on the fin tips, the air passing over the fins
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probably did not change its direction of flow and,
furthermore, the speed of the air betweeu the cylinder
and the baflie may have been reduced by a restricting
action of the stips.

COMBINATION OF CYLINDER WITH BENT FINS AND SHEZL
BAFFLES

Next to the integral bafiie, the combination of bent
flus and shell baflles reduced the rear-wall tempera-
tures more than any other btie. Complete data were
not obtained for these tests so that only the wall tem-
peratures are given in figuxe 20. The rear-wall tem-
perature was reduced from 298° 1?.for a cylinder with
straight h and no baftles to 210° F., or 29.6 percent,
as compared with the 31.9 percent reduction obtained
with integral bailles and 16.1 percent reduction ob-
tained with baffle 69 (fig. 15). It should be noted that

COMWZTHE FOR AJIRONATXIZCS

cooling obtained with this type of baflle with and
without extensions Waasmall.

CONCLUSIONS

The results of these tests show that:
1. Properly installed shell baflles reduced the cylin-

der-wall temperature and increased the heat-transfer
cceflicient to a greater extent than either plate bdles
or streamline baffles.

2. Optimum cooling was obtained with shell bafflea
when they were mounted as closely to the cylinder aa
possible, when the entrance was equal to the arc sub-
tended by an angle of approximately 145°, when the
rearward extensions were 3 or more inches long, and
when the ratio of exit area to free-flow area between
the iins was between 1.6 and 2.3.
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if the pitch of the iins were less than those used in
the test cylinder it might be detrimental to the cooling
to bend the iins as much as 50° at the front, because
the smaller the pitch and the greater the angle the
smaller will be the opening behveen fins for the air to
enter and to flow across the fins.

lT4TEGR~ B~E9

The base temperatures were reduced at all points
around the cylinder with integral baillw as compared
with the cylinder without baflles, the reduction being
the greatest that has been attained in any of the baflie
tests. The rear-wall temperature was reduced from
298° F. to 203° l?., or 31.9 percent, and the heab
transfer coefficient was increased horn 0.0965 to 0.1488,
or 54.2 percent. The largest reduction in rear-wall
temperature obtained on any of the other baffles w-as
approximately 15 percent. The great improvement
with this integral batlie can no doubt be partly attrib-
uted to the increased cooling area. The difference in

3. The surface hea&tremfer coefficient with and
without baflles varied as the 0.85 power of the air
speed for a range of speeds from 38 to 146 miles per
hour.

4. The average air speed 90° from the front rmd
between the fins of a cylinder with the beat shell
bafHeawas less than for a cylinder without bailka, but
it waa greater than the tunnel airspeed when the tunnel
air speed was over 30 miles per hour. The highest air
speed between the fins at a tunnel air speed of 100
miles per hour was measured at a point approximately
O.O9and 0.12 iuch from the root for the conditions
with and without baflk, respectively.

5. The theoretical formula for calculating the heat
dissipated from finned cylinders fitted with baffles
checked closely the heat dissipation determined experi-
mentally.

6. Baflks welded to the tips of the fins gave the
largest reduction in rear-wall temperature and the
greatest increase in the heat-transfer codicient; the
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reduction in rear-wall temperature was 31.9 percent
nnd the incrense in heat-transfer coaf6cient ma 54.2
percent rw compared with the same cylinder without
baiilea.

7. Bendng the fins in the front quarter of the cylind-
er to an angle of 50° resulted in a large improvement
in cooling for conditions with and wh%out bailk.

LANGLEY ME~OEm AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTED FOR ikDRONAUTICS,

LANGLEY I?IELD, VA., September 26,1934.
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